Introduction
The task of the present paper is to outline a formalized qualitative model (FQM) of online trust (OT). OT is vital for establishing and maintaining commercial relationships on the internet (Grabner-Kraeuter, 2002; Van Der Heijden et al., 2003; Kim et al., 2008; Beldad et al., 2010; Delina & Dráb, 2010) . Trust is especially important when there is relative lack of certainty, formal rules, customs and agreements (Bradach et al., 1989; Gefen & Straub, 2004) , as is often the case with e-commerce interaction and online interaction in general (Gefen, 2000; McKnight et al., 2002; Gefen & Straub, 2004) .
OT is a multidimensional problem (McKnight & Chervany, 2001; McKnight et al., 2002; Shankar et al., 2002; Chau et al., 2007; Beldad et al., 2010) . FQMs are well suited for tackling multidimensional tasks. Also, FQMs are useful whenever vague and/or qualitative information need to be included into a model. In the OT context it might be necessary to consider for instance the infl uence of perceived social presence embedded in a web site (Gefen & Straub, 2004; Cyr et al., 2007; or positive word of mouth (GrabnerKraeuter, 2002; Corbitt et al., 2003; Utz et al., 2012) . It might be diffi cult or prohibitively costly to measure these infl uences precisely or quickly enough (e.g. when online companies need to meet deadlines for strategic decisions). It is appropriate to use an FQM then.
FQMs capture relationships among variables in the form of degraded (simplifi ed) equations and statistical relations and/or in the form of common-sense heuristics (e.g. if X goes up, Y goes down with increasing rapidity). Qualitative methodology (Kuipers, 1989; Dohnal, 1991; Trave-Massuyes et al., 2004) has been used in some form to model for example investment decisions and economic problems (Benaroch & Dhar, 1995; Hinkkanen et al., 2003; Curic et al., 2008; Konečný et al., 2010; Kocmanová et al., 2011 ) and a variety of engineering problems. See Bourseau et al. (1995) , De Jong (2004) and Price et al. (2006) for an overview.
Qualitative models capture the fundamental features of a system under study, while eliminating quantitative detail (Kuipers, 1989) . Qualitative modeling can be seen as one of the "uncertainty calculi", such as fuzzy sets (Zadeh, 1965; Dubois & Prade, 1991; Hub & Zatloukal, 2009) , rough sets (Pawlak, 1982) and order of magnitude reasoning (Raiman, 1991) . Such calculi can be helpful when dealing with online trust (Song et al., 2005; Chakraborty & Chakraborty, 2007; Li et al., 2009; Li et al., 2012) , especially under information shortage, measurement diffi culties, time pressure to make decisions and/or uncertainty, or when several novel, subjective and/or diffi cult to measure (e.g. qualitative only) variables are being considered.
We propose a general methodological framework that enables incorporation of many even very vague and very diverse infl uences on OT in the context of e-commerce.
Although the specifi c version of the qualitative algorithm originally proposed by the second author has been used several times in the past, most recently in Vícha & Dohnal (2008a , 2008b , Konečný et al. (2010) , Kocmanová et al. (2011 ), Režňáková et al. (2012 , this is actually the fi rst paper where one of the principal aspects of the algorithm, namely selection of a consistent set of scenarios, is treated explicitly and in detail (see section 1.2).
Method

Qualitative Models
There are only three qualitative values: positive, zero and negative. The symbols used
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Štěpán Veselý, Mirko Dohnal are +, 0, -, respectively. A qualitative scenario of a qualitative model is specifi ed if all its n qualitative variables X  (X 1 , X 2 , …, X n ) are described by the qualitative triplets (X, DX, DDX), where DX and DDX are the fi rst and second qualitative derivatives with respect to time (or an independent variable in general).
Let us suppose that the triplet (++0)  (T, DT, DDT) represents risk aversion R(t) as a function of time: it means that risk aversion is positive (R = +), it is increasing in this example (DR = +) and the increase is linear (DDR = 0) as the second derivative is zero.
Informally speaking, the fi rst qualitative derivative tells us whether a variable is increasing, decreasing, or stable as a function of another variable -the fi rst qualitative derivative is positive, negative, and zero in these cases, respectively. Again informally speaking, the second qualitative derivative tells us whether such a change (i.e. increase or decrease) in a variable is accelerating, stable or decelerating -the second qualitative derivative is positive, zero, and negative in these cases, respectively.
Looking at Fig. 1 on the next page, in pictures 21, 22 and 23 are instances of functions with positive fi rst qualitative derivative, while in pictures 24, 25 and 26 we can see instances of functions with negative fi rst qualitative derivative. A function with the fi rst qualitative derivative equal to zero would be represented by a horizontal straight line (parallel with the X axis).
Pictures 22 and 25 in Fig. 1 give examples of functions with the second qualitative derivative equal to zero. Pictures 21 and 26 represent functions with positive second qualitative derivative (the increase or decrease in Y is becoming more and more pronounced as a function of X), while pictures 23 and 24 represent functions with negative second qualitative derivative (we can see that the increase or decrease in Y with respect to the increase in X gradually fl attens out).
A typical example of a qualitative knowledge item can be formalized by a certain simple relation between two variables X and Y. For example:
If the price X of a product is decreasing then the demand Y is increasing.
( 1) A formal interpretation of the qualitative knowledge item (1) is DY/DX = -, where DY/DX is the fi rst qualitative derivative of Y with respect to X (in this example the derivative is negative).
Typical examples of qualitative relations are given in Fig. 1 .
The identifi cation numbers given in Fig. 1 
For more details see e.g. Kuipers (1989) , Parsons and Dohnal (1995) , Trave-Massuyes et al. (2004) .
A key concept in the approach to qualitative modeling presented here is "qualitative scenario" or simply "scenario".
In plain words, a scenario represents a concise qualitative description e.g. of an object or a system. An example of a scenario could be: If price of product X increases, we will sell less X. Another example could be: If price of X is stable and if X's reputation for quality increases, we will sell more X. These two examples describe a business development using two (price and sales) and three (price, sales and reputation for quality) variables, respectively.
Technically, a scenario consists of a series of variables. Each variable in the scenario is qualitatively described by its state (positive quantity, negative quantity, zero quantity) and by the fi rst and second qualitative derivatives (usually with respect to time). As we already stated at the beginning of this section, these three qualities each variable can take can have only three possible values (+, -and 0). The three qualities each variable can take can therefore be described by a sequence of three signs, i.e. a triplet, as was also already mentioned above.
To illustrate how a scenario is described using triplets, let us return to the example of a qualitative scenario mentioned previously: "If price of X is stable and if X's reputation for quality increases [let us assume that it increases linearly, so the second qualitative derivative is zero], we will sell more X [let us assume that the increase in sales is slowing down because of gradual demand saturation, so the second qualitative derivative is negative]." This scenario can be described by the following series of triplets: +00 (price), ++0 (reputation), ++-(sales). Each scenario can be conveniently displayed in one row of a table where each cell contains qualitative description of one variable/ one triplet (see Tab. 2 in section 2.3).
As we will show next, some scenarios represent possible solutions of a qualitative model because they are consistent with a set of constraints based on available knowledge about a problem (e.g. about online trust and its determinants), while other scenarios are discarded because they are not consistent with the set of constraints (see section 1.2). Those discarded scenarios typically include certain relations between variables that are deemed unlikely or impossible based on the available knowledge (for example a negative relation between the level of trust towards an online site and this site's perceived quality and ease of use).
Qualitative Vector Optimization
Let us suppose that there are two independent variables X 1 , X 2 and two objective functions Q 1 , Q 2 . There is a vector F of constraints represented 
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by a set of equationless relations among (some or all) of the variables X 1 , X 2 , Q 1 , Q 2 :
Such a set of constraints (4) constitutes the qualitative model of the problem at hand. A given model can have any number of independent variables and objective functions. A concrete example of a qualitative model (i.e. a set of constraints) describing the problem of online trust is given in (6) in section 2.2. Another very simple example of a constraint is given in (5) in this section. The constraint (5) consists of a single relation (namely the negative qualitative proportionality) between two variables, X and Y. This very simple model (5) will be used to illustrate how the constraints are employed to differentiate solutions of a problem that are consistent and solutions that are inconsistent with a model of a problem. In simple words we can say that solutions consistent with the model can happen, while inconsistent solutions can not take place in reality (as far as the knowledge used to construct the model is valid, of course). A given model (i.e. the set of constraints) can be based on empirical observation, on previously published results or on expert opinions.
The present qualitative algorithm is based on systematic confrontation of all possible triplets for each variable and the model itself. Scenarios (solutions) consistent with the model (i.e. with the set of constraints) are selected, while inconsistent scenarios are rejected. This type of solution is called brutal force in artifi cial intelligence.
We have now described, in general terms, how a qualitative model is solved. To recapitulate: the possible solutions (i.e. scenarios) are selected if they are consistent with a set of constraints formed by a set of qualitative relations between variables (such as (5) and (6) below). In the following paragraphs, we describe the process of solving a qualitative model in more detail. Readers interested mainly in the application of qualitative modeling to online trust can now skip directly to section 2.
As we already understand on the conceptual level, scenarios selection can be seen as a consistency problem. At the beginning of the process of model development we usually have just a set of variables. Even at this initial stage it is possible to calculate solutions for the qualitative model. But it would not have any practical value, because we would obtain all "imaginable" scenarios, i.e. all combinations of qualitative values for each triplet.
Recall that in a scenario each variable is represented by a qualitative triplet (X, DX, DDX) -see section 1.1. In the present model of online trust we have 13 variables (see section 2.1), hence 13 triplets in each scenario. Each value (X, DX and DDX) in the triplet can be either +, -, or 0. So, at this initial stage, there are 3 3 = 27 possible combinations for each triplet. Since we have 13 such triplets (one for each variable) in each scenario, there are 27 13 possible combinations of +, -, and 0, where each combination represents one "imaginable" scenario.
This vast number of 27 13 scenarios needs to be reduced to obtain a practical solution. This is done by including new knowledge in the model.
Before we show how the number of scenarios is reduced for the online trust model (see Tab. 3 in section 2.3), we will outline the basic principle of how inconsistent scenarios are discarded from the model with the inclusion of knowledge items.
Consider the following simple example. The interrelation
M_-X Y (5)
states there is a negative relationship between variables X and Y. All scenarios that violate this relationship must be discarded from the model when this knowledge item is entered. If we had a model with just two variables (X and Y), the model solution before and after entering interrelation (5) would look as shown in Tab. 1.
The solution in Tab. 1 is intuitively comprehensible: we must simply exclude all scenarios that have other values of fi rst derivatives (DX) than either "+" for X and "-" for Y or "-" for X and "+" for Y. To see this, let us say that X is increasing as a function of some variable Z (e.g. time). This means that the fi rst qualitative derivative of X with respect to Z is positive. If during the same change in Z (e.g. time) Y also increased, i.e. DY = + (with respect to Z), this would mean that X and Y moved in the same direction (both increased as a function of Z). This is represented by scenario 1 in Tab. 1. However, such a development is not possible given constraint (5) which requires a negative proportionality between X and Y, i.e. when X goes up, Y must go down and vice versa. Consequently, only scenarios 5 and 7 in Tab. 1 are consistent with constraint (5).
In contrast, scenarios 1 and 2 (in Tab. 1) would be consistent with a constraint stipulating a positive proportionality between the variables. Scenarios 4, 6, 8 and 9 indicate there is no relation between the variables (when one variable changes in either direction, there is no change in the remaining variable). Scenario 3 describes a situation where there are no changes in either variable, thus it cannot be shown that there actually is a positive relation between X and Y as required by (5). Scenario 3 is therefore also discarded from the set of solutions consistent with constraint (5).
Results and Discussion
Model Variables
OT can be characterized by the following set of 13 variables, 11 independent variables and two objective functions: 
Tab. 1: Scenarios before and after entering an interrelation
Informační management PRE Number of the user's previous positive experiences with online interaction (Gefen & Straub, 2004; Flavian et al., 2006; Casalo et al., 2008 ) TEC Perceived technological trustworthiness of the site/company (GrabnerKraeuter, 2002; Corbitt et al., 2003; Lacohee et al., 2006) 
Model Instructions
The following set (6) of pair-wise qualitative relations is used to formalize relations among the set of variables from section 2.1. The set of interrelations is inspired by many dialogues with a team of experts and a group of internet users and by studies quoted above in section 2.1. The experts were MBA students at Brno University of Technology with substantial experience in online trade and/or marketing. The internet users were selected pre-graduate students at Brno University of Technology. The qualitative model is represented by the following set of relations (see Fig. 1 
):
No. Shape X Y (see Fig. 1 
Model Results -Scenarios
The set of 23 scenarios -see Tab. 2 -is generated using software employed in Vícha and Dohnal (2008a; 2008b) . The software was programmed by a group around the second author. As far as we know, there are currently no widespread commercial softwares for analyzing qualitative problems and different research groups often use their own softwares. However, analytical tools for qualitative computations can be programmed for example in MATLAB. Different qualitative problems related to online trust can be easily solved using the set of scenarios in Tab. 2 which represent a complete description of all possible behaviors within the modeled system (constrained by relations given in (6)).
All variables in Tab. 2 are positive because of their very nature. Therefore the fi rst values in all triplets (in Tab. 2) are always equal to +. For example scenario 12 is a steady state situation: all fi rst and second derivatives are zeros. Therefore nothing is happening, there are no changes in time.
Scenarios 1-10 indicate e.g. that level of trust towards the company (TRU) increases as a function of time and perceived risk of interaction with the site/company (RIS) decreases as a function of time, while the rest of the variables go up. Scenarios 14-23 give the opposite. That means all independent variables in the present model are positively linked to TRU and negatively linked to RIS (this is not surprising, e.g. in Kim and Park (2013) six out of seven independent variables were positively related to online trust). There are, however, some differences in the precise character of the increase/decline of the variables with respect to the second derivatives. For example in scenario 1 all variables increase (or in the case of RIS decrease) more and more quickly (all triplets are equal to +++ and +--, respectively), whereas in scenario 10 all variables increase (or in the case of RIS decrease) with a decreasing rapidity (all triplets are equal to ++-and +-+, respectively).
The nature of one of the objective functions (TRU) requires maximization, whereas the other objective function (RIS) requires minimization, hence, there are 10 relatively favorable scenarios, i.e. scenarios 1-10, and 10 relatively undesirable ones, scenarios 14-23.
Let us for example suppose that an online company is uncertain about the effect an increase in the variable "social presence embedded in the web site" (SOC) will have on "perceived risk of interaction with the site/company" (RIS). Having a look at scenarios 1-10 (and columns RIS and SOC) in Tab. 2 would tell the company managers that the effect ought to be positive. Also, it seems that the effect would be almost always the same (with the exception of scenario 1) irrespective of the speed with which the changes in SOC are implemented.
We need to keep in mind, though, that FQMs are information non-intensive. This implies that they usually capture only the most robust aspects of the described systems. This is the case especially when the solutions are narrowed down to just a few scenarios (i.e. when the amount of available qualitative knowledge is large, see Tab. 3 and text below). More information intensive methods (e.g. fuzzy mathematical methods or statistics) can be subsequently used to gain additional insights into the studied systems/ problems. However, this is not always an option in high-speed environments, for example because collection of quantitative data takes time.
Scenario
Variables (see section 2. 12 +00 +00 +00 +00 +00 +00 +00 +00 +00 +00 +00 +00 +00
Tab. 2: Online trust scenarios
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We can say that the present model is well specifi ed by interrelations given in (6), which causes it to be quite restrictive, i.e. there is little variability in the scenarios obtained. If less input knowledge (such as (6)) was available, the model would be less well specifi ed and consequently less restrictive, and more variability would be encountered in the scenarios obtained (e.g. certain variables would be linked to certain other variables positively in a given subset of scenarios and negatively in another subset).
Relying on a restrictive model has a potential disadvantage in that certain subtle relations or differences may be disregarded in the model in order to obtain the set of the most robust or most typical scenarios (e.g. in the present model we ignore the possibility that the relation between SIT and TRU might be partially culture-sensitive, see Park et al., 2012) . On the other hand, it is also possible to develop an ad hoc qualitative model "typical" for an unusual situation/system. Table 3 displays the number of online trust scenarios obtained using the basic principle of consistency outlined in section 1.2. The columns "Interrelations entered" give the range of interrelations entered (i.e. 1-3 means that interrelations 1, 2 and 3 from (6) have been entered into the model).
Using the principle of consistency, the vast number of "imaginable" scenarios (27 13 ) has been rapidly reduced by entering available pieces of knowledge.
As is apparent from Tab. 3 the solutions of qualitative models become interpretable after including about 25 pair-wise interrelations between variables. This statement is true for models with about the same number of variables we have in our model of online trust. More (less) knowledge items need to be entered if the model features more (less) variables.
It can also be observed that entering certain interrelations (e.g. interrelations number 5, 13, 14, 18, 26 -see Tab. 3) does not reduce the number of scenarios obtained. The reason is that the respective set of scenarios before the particular interrelation was entered had already been consistent with that interrelation.
FQM development is a multi-step process, and the present model can be modifi ed/ upgraded to address specifi c practical and The obvious limitation of FQM is that qualitative reasoning can answer qualitative queries only, not quantitative ones, and thus can serve just as a complement to the existing quantitative methods (and/or as a rigorous formalization of qualitative methods, such as case studies). However, inclusion of mathematical equations into qualitative models is possible (Vícha & Dohnal, 2008a; 2008b) .
Interrelations entered Number of scenarios Interrelations entered Number of scenarios
FQMs can enrich the methodological instrumentarium used in the study of OT (e.g. Grabner-Krauter & Kaluscha (2003) advocate the use of a broad spectrum of research tools). is complete, i.e. there cannot be any other qualitative scenarios that are not generated by the qualitative model.   FQMs are fl exible, diverse variables can be included.   They are inexpensive and readily understandable by practitioners.
Conclusion
Qualitative approach has much to offer when highly complex and/or partially vague problems such as OT are examined. In the present study of OT determinants a formal tool for dealing with data of non-numerical nature was employed to generate a FQM consisting of 23 possible scenarios. The model obtained is defi nitely not the only possible alternative. Many modifi cations, upgrades and extensions are possible. The paper presents just methodology and a simple model as a demonstration. Also, this is the fi rst paper where one of the principal aspects of the present qualitative algorithm, namely selection of a consistent set of scenarios, is treated explicitly and in detail. FQMs can complement established tools for OT analysis with very little additional cost. This might be profi table especially under information shortage, measurement diffi culties, time pressure to make decisions and/or uncertainty, or when several novel, subjective and/or diffi cult to measure (e.g. qualitative only) variables are considered when dealing with online trust in the e-commerce context.
